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Abstract

Global change scientists become increasingly awérie importance of SDI, although
current SDI are still limited in their analyticalrfctionality. The recently introduced OGC
Web Processing Service (WPS) specification allosvsafmost any GIS functionality to be
built in SDI. Thus, it reveals new possibilities fiurther development of analysing and
modelling data relatetb global change. Here we try to contribute in wi@fj and imple-
menting WPS in the domain of biogeographic research

1 Introduction

GIS are an established tool for management, asafysil visualisation of spatial data in
environmental research. Due to the onward develapwieopen Gl standards through the
Open Geospatial Consortium (OGC), standardized esded GIS services become avail-
able, accompanied [§patial Data Infrastructure (SDI) development. As the access to spa-
tial data of various domains and regions is of gs&gnificance for global change research,
scientists become increasingly aware of the impogaf SDI (IONGHORN 2003; e.g. ¥N

DER WEL 2005, BERNARD & OSTLANDER 2008). Along with data access, there is also an
increasing demand for web-processing spatial dRetaently there has even started work on
integrating OGC services for SDI in Grid-computemyironments (e.g.ANIG et al. 2008).

Since global change research is a highly interdisry field, standardization and interop-
erability are particularly crucial. Here SDI basau Service Oriented Architectures (SOA)
seem to be an adequate approach. However, curtdnin8rely offer query, management
and visualization of spatial data. Therefore theently introduced OGQVeb Processing
Service (WPS) specification reveals new possibilities fimther development of analysing
and modelling data related global change, such as biogeographic data.

Several projects (BRSTER& STOTER 2006, RIIS-CHRISTENSENet al. 2006, KeHLE et al.
2006, Det al. 2007, As et al. 2008, GRLACH et al. 2008) and our own Work{SLLBERG

& ZIPF 2007, WEISER& ZIPF 2007,MAYER et al. 2008 STOLLBERG & ZIPF 2008) show that
elaborate processing of spatial information usimg WPS is feasible in several domains.
However, there is still a lack of substantial fuoalities, a common agreement on basic
operations, a distinction between generic and doerapécific functions or their sophisti-
cated implementation, etc. (BEL & ZIPF 2008). We try to contribute in defining and
implementing those in the domain of biogeograpkgearch similar to an example study
conducted by 8auL (2007), i.e. modelling the influence of climateaclge on vegetation.
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2 Web-based geo-processing

Several fundamental geospatial OGC web standardéS)Gare now technically mature and
widely used, namelyVeb Feature Service (WFS), Web Coverage Service (WCS), Web
Map Service (WMS) and Catalogue Service for Web (CSW). However, these standards
solely allow for retrieval and visualisation of gpatial data and therefore do not tap the
full potential of SDI. Only the release of the WBgcification (8HUT 2007) offers any
sort of geospatial functionality to be built int®En a standardized way.

An OGC conform WPS must provide at least three ratorgt operations, that allow for
interoperability. TheGetCapabilities operation returns service metadata, i.e. names and
general descriptions of the processes. Detailentrmdtion about a single process, namely
inputs, formats and outputs, is provided by EfescribeProcess operation. Finally thé&xe-
cute operation runs a specified process. The WPS stdngauite unspecific, i.e. it may
offer the subtraction of spatially referenced nursb@r a global climate change model
(ScHUT 2007). It is obvious that the supply of singlenaito web processes, like intersection
or buffering, is only the starting point. Usuallgagpatial data analyses or modelling tasks
consist of distinct process steps linked togettsers, humans as well as “machines”, must
be able to integrate single processes to carryseuni-) automated high-order data process-
ing, which is one key concept of future SDILMEH 2003). Certainly for reasons of effi-
cient and elaborate implementation alone, it iseseary to define workflows through ser-
vice chaining, using a modular set of atomic preessService chaining is usually termed
Web Service Orchestration (WSO), but see®.z (2003) to distinguish associated terms.

3  Concept of a biogeographic WPS

To examine a real life research workflow, we trensf complex offline analysis, conducted
with traditional desktop-GIS and further toolsataveb service rather than designing a new,
probably “artificial”, one. The original study @uL 2007), addressing the impact of
climate change on the invasibility (a region’s pibility to plant invasions) in Germany,
was not aimed at a web-based analysis.

The background of the study is the ongoing debateitathe facilitation of biological inva-
sions by climate change (e.guUKES & MOONEY 1999), an important aspect for invasion
management and nature conservation. The objetiec$tudy was the determination of the
influence of climatic parameters on the invasipitf German landscapes. Based on identi-
fied relationships between the number of non-nasipecies and various environmental
factors (e.g. geology, land-cover, DEM, vectorslispersal), a grid-based statistical model
was built. Subsequently the potential future inbdity due to climate change was
predicted using wide range climate scenarios. Aceptual workflow is given in Fig. 1.

The development of the prototypic biogeographic WB&ed on the study briefly de-
scribed above, is to be carried out in the follagyihree main steps:

1. Transfer of the exemplary study to a chained WRyais
2. Develop a client for interactive workflow design

3. Open the base WPS with the client for externalisesv
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Fig. 1: Conceptual workflow of the original study (aftergmt 2007)

These three steps raise a couple of correspondiestiqns, some of which are particularly
apparent. As to the first step it needs to be faariwhich atomic processes are required to
fulfil the desired functionality, keeping the pdsbty of general and flexible use in mind.
Furthermore techniques to incorporate elaboratésstal methods have to be examined.
As there are particular requirements (see belopgcial attention should be drawn to the
implementation of the service chaining.

Questions related to the second step are sligiffgreint in nature. Although the technical
background is also certainly important, usabilitjgys a key role here. Workflows should
not be fixed but freely designable by users. Heheg have to be provided with a sophi-
sticated full-featured client, without compromisitite straightforward character of web-
based geo-processing. The most appropriate usefaoe in this case is certainly a flexible
graphical workflow builder (GWB). Very first stepga this direction are presented by
FORSTER& SCHAFFER(2007). Sometimes user intervention is requiredveen the process
steps, e.g. to compare two intermediate outputsallisand decide which one to use in the
further processing. Therefore the service shouldhide to handle such interaction. This, in
turn, affects the implementation of both, the GW18l ¢he orchestration.

Finally the question to be addressed in the thieg $s how to best integrate external data
and services, thus realizing the basic idea of-Sthie consolidation of decentralized spatial
data and services from several providers. Bothhefnt must be attachable in the client,
enabling the user to process extensive data sousi®g a broad range of operations.
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4  Implementation

Working on the first step, we use deegree2 as WidgrWPS framework (FzKE et al.
2004). Analysing the original study’s workflow yilsl in 11 core GIS processes that need to
be transferred to the WPS (Table 1). These areeimghted in Java, using especially the
GeoTools, JTS and JAl libraries. For grid data pesing BUMANN (2008) recently intro-
duced a WCS processing extension (WCPS), whiclowe & candidate OGC standard. Its
capabilities, especially as to WSO, need to bedeahd compared to WPS. Two statistical
processes were identified so far. However, this iishighly extendable, thus it seems
appropriate to delegate such tasks to an existmgraament. As a widely used open-
source statistical environment, the R-project istvapplicable here. Rserve is a straight-
forward way to provide the full variety of R funotiality to applications (RBANEK 2003).
There is even a Python-based WPS available, thwatpsnlates R (€ I1cky 2006), but we
chose to implement the identified statistical pesess through the Java interface.

WSO is carried out by a@rchestration Engine (OE), which coordinates the interacting
services involved, controlled by a document comtgirchaining instructions in a certain
description language. ThBusiness Process Execution Language (BPEL) provides a de-
facto WSO standard. However,Bl8ER& ZIPF (2007) as well as1®LLBERG& ZIPF (2007)
pointed out several problems in the use of BPEletiogr with current OWS versions,
concerning e.g. communication protocols and thasfex of raw binary data. Thus, the
latter suggested the use of the WPS interfacd ttsehain services. In this case one service
actsasOE, coordinatingheothers As thereis no satisfyingalternativeapproachyve contin-

ue this work, keeping track of the current OGC\aigtion this topic. Most recently a work-
flow working group was formed and we expect a ssgijptated solution in the near future.

Table1: Identified processes to be transferred to the Wp&eh = GIS, blue = Statistics)

Process Description Status
Area Calculates the polygon’s area of a vector layer operational
Intersect Intersects two vector layers operational

ZonalVectorSummarn Calculates area ratios of polygons or length of planed
lines of one layer in zones given by a second la

Interpolation Interpolates a grid coverage from points planed

Resampling Resamples a grid coverage in progress
Slope Calculates slope using a DEM grid operational
Aspect Calculates aspect using a DEM grid operational
SolarRadiation Calculates radiation using slope and aspect gric operational
Reclassification Reclassifies grid coverage values operational
ZonalStatistics Calculates grid statistics in a vector zone layer operational

ZonalRasterSummar Calculates area ratio of a classified grid layer in planed
zones given by a vector layer

PLSRegression Processes a PLS-regression analysis in progress
Prediction Calc. predictions using a model and scenario  in progress
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5 Conclusions and outlook

Like cooperation is all-important in global changsearch, interoperability is on the tech-
nical level. Thus, we need standards that allowtémhnical compatibility to, in turn,
achieve better scientific cooperation. Based onViieS specification, we are able to im-
plement various geo-processes and statistical pseseas standardized web-services.
Moreover we can use a WPS as a kind of OE to agtgegeveral processes to complex
workflows. Finishing the redesign of the origindudy by GRAauL (2007), based on
OpenGIS standards, lays the fundament for furthefiess, with similar data or questions
that utilize these functions. It will be availabtea service-based environment, so that the
services can be integrated in web-based or evedageapplications. This allows defining
new service chains and plug-in new processes indular and easy way, without changing
existing applications or knowing implementation ailst language or platform of the
services. Apart from well-known basic GIS functiansuite of higher level functionalities,
more specific for this kind of studies, can ocadbat is build on top (or aside) these basic
GIS and statistical operations. We see this worl éisst step in providing processes for a
domain-specific WPS specification profile as weallaastep towards a richer toolbox of GIS
functions for global change research based on tigem paradigm of SOA.
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